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PURPOSETo improve image contrast for oblique 
illumination performed by a plurality of illuminating 
devices when a reticle pattern is a line-and -space 
pattern whose lengthwise direction is vertical to the 
incident plane of the illuminating light. 
CONSTITUTION:Four apertures 24a-24d of a space 
filter as a secondary light source forming part are 
covered with a polarizing plates 24A-25D and the 
polarizing direction of the polarizing plates 25A-25D 
is set in the direction of the tangential line of a 
circumference whose axis is an optical axis AX. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

(57) [Claim(s)] 

[Claim 1]ln an illumination optical device illuminated uniformly, a predetermined region on 
an object by illumination light from an illumination-light study system said illumination-light 
study system, An illumination optical device changing tilted light means forming which forms 
tilted light which illuminates said predetermined region from an oblique direction, and said 
tilted light which illuminates said predetermined region from an oblique direction , and 
having a polarization means which forms illumination light which carries out linear 
polarization in the direction which intersected perpendicularly to an entrance plane of this 
tilted light. 

[Claim 2]ln an illumination optical device which has a light source which supplies 
illumination light, and a condensing optical system which illuminates a predetermined 
region on an object uniformly by this illumination light, Tilted light means forming which 
forms tilted light w hich forms a secondary light source which carried out eccentricity to an 
optic axis of said condensing optical system by said illumination light, and illuminates said 
predetermined region from an oblique direction is arranged between said light source and 
said condensing optical system, An illumination optical device having changed said tilted 
light which illuminates said predetermined region from an oblique direction , and having 
arranged a polarization means which forms illumination light which carries out linear 
polarization in the direction which intersected perpendicularly to an entrance plane of this 
tilted light between said tilted light means forming and said condensing optical system. 
[Claim 3]T he illumination optical device according to claim 1 or 2, wherein said tilted light 
means forming has the 1st polyhedral prism that has a crevice, and the 2nd polyhedral 
prism that has heights. 

[Claim 4]A n exposure device having the illumination optical device according to claim 1 or 2 
which illuminates a reticle as said object, and a projection optical system which projects a 
pattern image of said reticle on a sensitized substrate. 

[Claim 5JAn exposure method illuminating a reticle as said object using the illumination 
optical device according to claim 1 or 2, and transferring a pattern of said reticle. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is applied to the illumination system of the projection 
aligner used when manufacturing a semiconductor device or a liquid crystal display 
element, for example, and relates to a suitable illumination optical device. 
[0002] 

[Description of the Prior ArtJWhen manufacturing a semiconductor device or a liquid crystal 
display element using photolithography technology, the projection aligner which transfers a 
photo mask or the pattern of a reticle (it is hereafter named a "reticle" generically) on a 
sensitized substrate is used. In this projection aligner, it is required with high integration of a 
semiconductor device etc. that a more detailed pattern should be printed with high 
resolution. The phase shift reticle method for using the cross protection of the light from the 
area pellucida from which the pattern space of a reticle differs as a method of realizing this 
is indicated by JP.S62-50811.B. If this method is applied to a line and space image, the 
zero-order diffracted light will be lost fundamentally, and it becomes the image formation 
only by the primary [ **] diffracted light, and a line and space image more detailed than the 
case of the conventional reticle can be printed in high resolution also by the projection 
optical system of the same numerical aperture. 

[0003]An illumination-light study system is devised as another approach for raising 
resolution more, The method which is high resolution and can be printed with the 
comparatively deep depth of focus in a detailed pattern is proposed by these people (for 
example, March, 1992 applied physics relation union lecture meeting proceedings 30-a-NA- 
3, four references). Below, the method is called "two or more oblique illumination method", 
and is explained per the method with reference to drawing 8 . In [ drawing 8 (a) first shows 
the equivalent light source parts 10, such as a secondary light source part in the 
illumination-light study system which applied two or more oblique illumination method, and ] 
this drawing 8 (a), In accordance with the symmetrical axis, the four small light sources 
1 1A-1 1D are arranged about axis x' which crosses at 45 degrees to the x axis and the y- 
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axis which form a rectangular coordinate system, respectively and this axis x\ and the y- 
axis. In the case of the line and space pattern in which the pattern of the reticle made into a 
transfer object has long edge mainly parallel to a x axis, or long edge parallel to the y-axis, 
the arrangement of these small light sources 1 1 A-1 1 D is suitable. 
[0004]ln [ drawing 8 (b) shows the outline composition of the projection aligner which uses 
the equivalent light source part 10 of that drawing 8 (a) as a light source, and ] this drawing 
8_(b), The chief ray 15A of the illumination light from the small light source 1 1A of the 
equivalent light source part 10 is aslant irradiated by the reticle 12 to the optic axis AX via 
the condenser-lens system which carried out figures omitted abbreviated. The equivalent 
light source parts 10 are the pupil surface (entrance pupil side) 10A of the projection optical 
system 13, and conjugate, and the aperture diaphragm 13a is formed in this pupil surface. 
The zero-order diffracted light (this is also expressed with the mark 15A) and the primary 
diffracted light 16A are ejected from the reticle 12 almost symmetrically to the optic axis AX, 
and these zero-order diffracted light 15A and the primary diffracted light 16A enter **** into 
the wafer 14 as a sensitized substrate by the almost same incidence angle theta in the 
projection optical system 13. In this case, in order that the zero-order diffracted light 15A 
and the primary diffracted light may receive in optic-axis AX and may pass through the 
neighborhood of a periphery of a pupil symmetrically, the resolution to the performance limit 
of the projection optical system 13 is obtained. 

[0005]ln the system into which the zero-order diffracted light enters at right angles to the 
wafer 14 like before, since the wavefront aberration of the zero-order diffracted light to the 
defocusing amount of the wafer 14 differs from the wavefront aberration of other diffracted 
lights greatly, the depth of focus is shallow. On the other hand, in the composition of 
drawing 8 (b), since the zero-order diffracted light and the primary diffracted light enter into 
the wafer 14 by an equal incidence angle, the depth of focus on which a phase etc. spread 
the wavefront aberration of the zero-order diffracted light in case the wafer 14 is before and 
behind the focal position of the projection optical system 13, and the primary diffracted light 
is deep. 
[0006] 

[Problem to be solved by the invention]lt is effective if it is the line and space pattern 8 of x 
shaft orientations or y shaft orientations in the two or more oblique illumination method. On 
the other hand, as shown in drawing 9 , long edge to a x axis or the y-axis in the case of the 
line and space pattern 9 of a 45-degree direction, Supposing 1 0A is a pupil of a projection 
optical system, the diffracted light from small 2 [ 1 1B and 1 1D ] of the four small light 
sources 11 A-1 1D of drawing 8 (a), Only the zero-order diffracted lights 15B and 15D pass 
the pupil 1 0A of a projection lens, and in order that the primary [ **] diffracted lights 16B and 
16D may not pass the pupil 10A, they will not form a pattern on the wafer 14 and will only 
illuminate the wafer 14 uniformly. As a result, the contrast of the pattern on the wafer 14 will 
fall. 

[0007]Easy numerical computation shows this. Strength of the primary [ **] diffracted light to 
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strength of the zero-order diffracted light is set to a, and it is considered that each small 
light sources 11A-1 1D are the point light sources. At this time, image-intensity-distribution I 
(x) on a x axis in the case of a line and space pattern long to y shaft orientations is as 
follows as the sum of image intensity distribution by each small light source. 
[Mathematical formula 1] 

}(x)=4{1+a 2 +2 a-cos[(4 pi/lambda) (sintheta) x]} 

[0008]Here, as the incidence angle theta is shown in drawing 8 (b), the zero-order diffracted 
light or the primary [ **] diffracted light is the optic axis AX and an angle to make. On the 
other hand, when x r axis is set as an axis of coordinates of the direction of 45 degree in the 
case of a line and space pattern long in a direction which intersects a x axis or the y-axis at 
45 degrees, the intensity distribution I (x f ) is as follows. 
[Mathematical formula 2] 

l(x') - 2 {1+a 2 +2 a-cos [(4 pi/lambda) (sintheta) x]} 
+2{1} 

= 4 {1+(a 2 /2)+a-cos [(4 pi/lambda) (sintheta) x]} 

[0009]lt is as follows when it asks for (several 1) and (several 2) to the contrast Cx of each 
intensity distribution and Cx\ 
[Mathematical formula 3] 

Cx=2a/(1+a 2 ), Cx'=a/(1+a 2 /2) 

[0010]ln this case, a following formula is materialized. 

Cx-Cx'=a/{(1+a 2 ) (1+a 2 /2)} >0, therefore a following formula are materialized. 
[Mathematical formula 4]Cx>Cx f [001 ^Therefore, a fall of contrast of a long pattern is 
shown in the direction which intersects a x axis at 45 degrees. For example, since the 
strength a of the primary [ **] diffracted light is set to 2/pi when width of a line and a space 
is equal, it becomes like a following formula. 

Cx=0.906, Cx -0,529 [0012)Although above-mentioned explanation explained a case of two 
or more oblique illumination method as an example, even when zona-orbicularis 
illumination etc. are used, for example, to improve contrast of an image more is desired. In 
an exposure method which uses an illumination optical device and such an illumination 
optical device w hich illuminate a reticle etc. using positively illumination light toward which 
this invention inclined to an optic axis in view of this point, When patterns, such as the 
reticle, are line and space patterns which make a longitudinal direction a direction vertical to 
an entrance plane of the illumination light, It aims at enabling it to improve contrast of the 
image with a device by the side of an illumination optical device, when patterns, such as the 
reticle, are projected by a projection optical system. 
[0013] 

[Means for solving problemjln the illumination optical device in which the 1st illumination 
optical device by this invention illuminates the predetermined region on an object (12) 
uniformly by the illumination light from an illumination-light study system as shown, for 
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example in drawing 3 , The tilted light means forming (24) in which the illumination-light 
study system forms the tilted light (27B, 27C) which illuminates the predetermined region 
from an oblique direction, That (oblique illumination is carried out) tilted light that illuminates 
that predetermined region from an oblique direction is changed, and it has a polarization 
means (25B, 25C) which forms the illumination light which carries out linear polarization in 
the direction which intersected perpendicularly to the entrance plane of this tilted light 
[0014]ln the illumination optical device with which the 2nd illumination optical device has a 
light source (20) which supplies the illumination light, and a condensing optical system (26) 
which illuminates the predetermined region on an object (12) uniformly by this illumination 
light as shown, for example in drawing 3 , The tilted light means forming (24) which forms 
the tilted light which forms the secondary light source which carried out eccentricity to the 
optic axis of the condensing optical system by the illumination light, and illuminates the 
predetermined region from an oblique direction is arranged between the light source (20) 
and its condensing optical system (26), That (oblique illumination is carried out) tilted light 
that illuminates that predetermined region from an oblique direction is changed, and the 
polarization means (25B, 25C) which forms the illumination light which carries out linear 
polarization in the direction which intersected perpendicularly to the entrance plane of this 
tilted light is arranged between that tilted light means forming (24) and its condensing 
optical system (26). In this case, that tilted light means forming may have the 1st polyhedral 
prism (32) that has a crevice, and the 2nd polyhedral prism (33) that has heights. The 
exposure device of this invention has a projection optical system (13) which projects the 
illumination optical device and the pattern image of a reticle of this invention which 
illuminates the reticle as the object on a sensitized substrate. The exposure method by this 
invention illuminates the reticle as the object using the illumination optical device of this 
invention, and transfers the pattern of the reticle. 
[0015] 

[FunctionjHereafter, the illumination light from four small light sources which carried out 
eccentricity per principle of this invention explains taking the case of two or more oblique 
illumination method which illuminates an object. First, according to the 1st illumination 
optical device of this invention, as shown, for example in drawing 3 , The tilted light (27B, 
27C) which illuminates an objective (12) predetermined region from an oblique direction is 
formed, and linear polarization (an electric vector vibrates in the direction vertical to an 
entrance plane) of these tilted light (27B, 27C) is carried out in the direction vertical to the 
entrance plane (space) to an object (12), respectively. Linear polarization means the state 
where the vibrating direction of the electric vector of a light wave is in 1 flat surface, and the 
vibrating direction of an electric vector is defined as the direction of linear polarization. With 
an entrance plane, when light reaches the interface of a medium, it is defined as a field 
including the normal of the field in the point, and the incident direction of light. If the 
illumination optical device of the drawing 3 is simplified, it will become like drawing 1 . 
[0016]ln [ drawing 1 (a) shows the equivalent light source parts 10, such as a secondary 
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light source part of the illumination optical device of drawing 3 , and ] this drawing 1 (a), In 
accordance with the symmetrical axis, the four small light sources 11A-11D are arranged 
about axis x' which crosses at 45 degrees to the x axis and the y-axis which form a 
rectangular coordinate system, respectively and this axis x\ and the y-axis. 
[0017] Drawing 1 (b) shows the outline composition of the projection aligner which used the 
illumination optical device of that drawing 3 , and its equivalent light source part 10 is equal 
to the equivalent light source part of drawing 1 (a) in this drawing 1 (b). The chief ray 15A of 
the exposing light from the small light source 1 1 A of the equivalent light source part 10 is 
aslant irradiated by the reticle 12 to the optic axis AX via the condenser-lens system which 
carried out figures omitted abbreviated. The chief ray 15A corresponds to the tilted light 
(27B, 27C) of drawing 3 . Since the entrance plane of the chief ray 15A is parallel to the 
space of drawing 1 (b), according to this invention, linear polarization (an electric vector 
vibrates in the direction vertical to space) of the chief ray 15A is carried out in the direction 
vertical to the space of drawing 1 (b), and it enters into the reticle 12. Similarly, in drawing 1 
(a), linear polarization of the light from each small light sources 11B-11D is carried out in 
the direction, i.e., the direction vertical to the entrance plane to the reticle 12, of the arrow of 
drawing 1 (a), and it enters into the reticle 12 of drawing 1 (b). 

[0018]The zero-order diffracted light (this is also expressed with the mark 15A) and the 
primary diffracted light 16A from the reticle 12 enter on the wafer 14 through the projection 
optical system 13. First, supposing the pattern formed in the reticle 12 is a line and space 
pattern long in a direction parallel to the x axis or the y-axis of drawing 1 (a) which is a 
suitable pattern for a conventional example, Since the polarization direction is the direction 
of 45 degree to the pattern, the illumination light diffracted by the x direction or the y 
direction with the pattern is in the same image formation situation as random polarization. 
Therefore, contrast is the same as a conventional example. 

[0019]On the other hand, supposing the pattern formed in the reticle 12 is the line and 
space pattern 9 long in a direction vertical to x' axis of drawing 1 (a), the primary diffracted 
light of the illumination light 1 5A from the small light source 1 1 A will enter in the pupil of the 
projection optical system 13. In drawing 1 (b), x' axis is space and parallel. Here, as shown 
in drawing 1 (b), the zero-order diffracted light 15A and the primary diffracted light 15B of 
the illumination light 15A are S polarization (light to which an electric vector vibrates in the. 
direction vertical to the space of drawing 1 (b)) with both polarization directions (direction in 
which an electric vector vibrates) parallel on the surface of the wafer 14. Therefore, it 
becomes larger than the time of the cross protection on the wafer 14 being random 
polarization, and the image of high contrast is made. For this reason, when it diffracts in the 
direction of x', and a part of diffracted light comes out of a pupil, the conventional 
inconvenience that contrast falls will be compensated [ as explained using drawing 9 , ]. 
[0020]Here, the difference of the intensity distribution by a polarization direction is 
described below briefly. Drawing 2 has shown the situation the image surface, i.e., near the 
surface of the wafer 14, using P polarization (light which has a vibrating direction of an 
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electric vector in an entrance plane), and S polarization (light with a vibrating direction of an 
electric vector vertical to an entrance plane). When the incidence angle of the zero-order 
diffracted light 15A and the primary diffracted light 16A is made into theta Q and theta r 

respectively, intensity distribution ls(x) on the image surface in S polarization is briefly 
shown as follows using amplitude distribution Us(x). 
[Mathematical formula 5] 

ls(x)=|Us(x)| 2 and Vs(x)=a 0 and exp [-1(2 pi/lambda) (sintheta Q ) x] 

+ a 1 and exp [-i(2 pi/lambda) (sinthetaQ x] 

[0021]Therefore, intensity distribution ls(x) is as follows. 
[Mathematical formula 6] 

ls(x)=a Q 2 +a 1 2+ 2a Q a 1 and cos [(2 pi/lambda) (sinthetag-sintheta.j) x] 

Here, coefficient a Q and a 1 are the strength (amplitude) of the zero-order diffracted light and 

the primary diffracted light, respectively. In the case of the line and space pattern which has 
a pitch in the direction of x\ since, as for two, only the zero-order diffracted light passes the 
projection optical system 13 among four small light sources, contrast Cs of S polarization is 
as follows. 

[Mathematical formula 7]Cs=2a 0 a 1 /(2a () 2 +a 1 2 ) 

[0022]On the other hand, in P polarization, x ingredient and z ingredient of polarization 
must be considered. A following formula will be obtained, if amplitude distribution Up(x) on 
the image surface in P polarization is expressed with a vector and x ingredient and z 
ingredient are shown. 
[Mathematical formula 8] 

Up(x)= (a Q and exp) [-i(2 pi/lambda) (sin theta Q ) x] - cos theta Q +a 1 and exp [-i(2 pi/lambda) 
(sin thetaQ x] - cos theta 1 and a Q and exp [-i(2 pi/lambda) (sin theta Q ) x] - sin theta Q +a 1 and 
exp [-i(2 pi/lambda) (sin thetaQ x] - sin theta 1 

[0023]Therefore, intensity distribution lp(x) on the image surface in P polarization is as 
follows. 

[Mathematical formula 9] 

lp(x)=|Up(x)| 2 =a 0 2 +a 1 2 +2a Q a 1 x (costheta 0 costheta <| +sintheta () sintheta 1 ) 

xcos [(2 pi/lambda) (sinthetag-sintheta^ x] 

[0024]Therefore, the contrast Cp in P polarization is as follows. 
[Mathematical formula 10] 

Cp=2a Q a 1 cos(theta 0 -theta 1 )/(2a 0 2 +a 1 2 ) 

(Several 7) (several 1 0) is compared and, in P polarization, it turns out that contrast will be 
cos (thetaQ-theta^ twice. For example, considering the case of sintheta Q =0.4 and 
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sintheta^-0.4, it is set to cos^heta^theta^ =0.68, and, the case of P polarization, and in 

the case of S polarization, a big difference sticks. Since random polarization is considered 
to be an average with P polarization and S polarization, contrast is =(1(1/2)+0.68) 0.84. 
[0025]Thus, a big difference arises in contrast by considering it as S polarization. That is, 
when the illumination light of a polarization condition like drawing 1 (a) is used, the increase 
in the contrast of about twenty percent is conventionally expected to a line and space 
pattern with parallel edge in the direction which crosses at 45 degrees to a x axis and the y- 
axis, and it turns out that it is effective in a minute pattern. 

[0026]Although explained until now taking the case of two or more oblique illumination 
method, What is necessary is just to change into the light which carries out linear 
polarization of the light from the light source of the shape of zona orbicularis of the 
equivalent light source part 10 to a direction respectively vertical to an entrance plane, i.e., 
the tangential direction of the circle centering on an optic axis, as shown, for example in 
drawing 7 (a) if this invention is applied to for example, zona-orbicularis illumination. 
[0027]Next, according to the 2nd illumination optical device of this invention, as shown, for 
example in drawing 3 , the secondary light source which carried out eccentricity by the 
illumination light from a light source although tilted light is formed is formed. If it considers 
that the secondary light source is the equivalent light source 10 of drawing 1 (a), above- 
mentioned explanation will be applied also to this invention as it is. 
[0028] 

[Working example]Hereafter, with reference to drawing 3 and drawing 4 , it explains per 1st 
embodiment of this invention . This example applies this invention to the illumination-light 
study system of a projection aligner. Drawing 3 shows the illumination-light study system of 
the projection aligner of this example, the illumination light from the light source 20 which 
consists of mercury lamps is condensed with the elliptic mirror 21 in this drawing 3 , and this 
condensed illumination light enters into the fly eye lens 23 (optical integrator) via the 
collimating lens 22. The secondary light source of surface state is formed in the focal plane 
by the side of an injection of the fly eye lens 23 (reticle side). 

[0029]The spatial filter 24 in which four openings which carried out eccentricity to the optic 
axis AX were formed near the injection end of the fly eye lens 23 is formed. The polarizing 
plates 25A-25D are laminated on the reticle side (or it may be the light source 20 side) of 
four openings of this spatial filter 24, respectively. However, in drawing 3 , only the 
polarizing plates 25B and 25C have appeared. As it is the front view with which drawing 4 

(a) looked at the spatial filter 24 of drawing 3 f rom the reticle side, and a sectional view 
where drawing 4 (b) meets AA line of drawing 4 (a) and is shown in these drawing 4 (a) and 

(b) , The four openings 24a-24d are formed in the spatial filter 24 at intervals of 90 degrees 
centering on the optic axis AX, and these openings are covered with the polarizing plates 
25A-25D, respectively. The polarization direction of these polarizing plates 25A-25D is set 
as the tangential direction of the circumference centering on the optic axis AX, respectively, 
as an arrow shows. Therefore, linear polarization of the illumination light ejected from the 
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openings 24a-24d of the spatial filter 24 is carried out in the direction respectively almost 
parallel to the tangential direction of the circumference centering on the optic axis AX. 
[0030] It returns to drawing 3 and four secondary light sources which carried out eccentricity 
to the optic axis AX with the spatial filter 24 are formed. The illumination light ejected from 
these four secondary light sources enters into the reticle 12 through the condenser-lens 
system 26, after passing the polarizing plates 25A-25D, respectively. The spatial filter 24 
(polarizing plates 25A-25D) is formed in the front side focal (light source side focus) position 
of the condenser-lens system 26. 

The pattern formation face of the reticle 12 has an arrangement surface of the spatial filter 
24, and a relation of the Fourier transform about the condenser-lens system 26. 
In this case, the chief rays 27B and 27C ejected, for example from the openings 24b and 
24c of the spatial filter 24 enter aslant to the optic axis AX through the condenser-lens 
system 26 on the reticle 12, respectively. Linear polarization of these chief rays 27B and 
27C is carried out in the vertical direction to the entrance plane (the direction of space) to 
the reticle 12, respectively. 

[0031]lf such an illumination-light study system is used, as principle explanation of this 
invention explained, For example, when the line and space pattern which has long edge in 
the parallel or vertical direction to the straight line which connects the openings 24a and 
24c of drawing 4 (a) on the reticle 12 is formed, The pattern can be projected on the wafer 
14 through the projection optical system 13 under good contrast rather than before. Here, 
the incident side and object face (the reticle 12 or wafer 14) of the fly eye lens 23 are 
constituted by conjugate, and the injection side (secondary light source 10) of the fly eye 
lens 23 and the pupil surface 10A of the projection optical system 13 are constituted from 
equipment of drawing 3 by conjugate, in addition — arranging another big polarizing plate 
between [ other than the composition of drawing 3 ] the fly eye lens 23 and the spatial filter 
24 - a part of four openings 24a-24d of the spatial filter 24 - or - boiling all and arranging 
1/2 wavelength plate - every — it may be made to adjust the angle of rotation of 1/2 
wavelength plate The illumination light which polarized also by this to the tangential 
direction of the circumference centering on the optic axis AX as shown in drawing 4 (a) is 
obtained. In this case, it is necessary to form 1/2 wavelength plate in no openings of the 
spatial filter 24 depending on the polarization direction of another big polarizing plate. 
[0032]By using a laser light source that a laser beam of linear polarization is ejected, for 
example as a light source, What is necessary is just to form 1/2 wavelength plate of a 
suitable hand of cut for a part or all of the four openings 24a-24d of the spatial filter 24, in 
illuminating the whole spatial filter 24 of drawing 3 used as an equivalent light source by 
illumination light of linear polarization. In this case, although It is also good for some 
openings to form 1/2 wavelength plate, it is effective when a way in which 1/2 wavelength 
plate is formed reduces variation in Lighting Sub-Division to all openings. Thus, when a 
polarization direction is adjusted using 1/2 wavelength plate, since there is no loss of 
illumination light, illumination efficiency is good. 
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[0033]When illuminating the spatial filter 24 of drawing 3 used as an equivalent light source 
using equipment which generates illumination light of circular light as a whole, it is good to 
form 1/4 wavelength plate of a suitable hand of cut for each opening of the spatial filter 24. 
[0034]Next, with reference to drawing 5 , it explains per 2nd embodiment of this invention. 
Drawing 5 shows the projection aligner of this example, and the illumination light from the 
light source 20 becomes a parallel pencil mostly in this drawing 5 through the elliptic mirror 
21, the bending mirror 28, and the input lens 29. Supply of the illumination light to the input 
lens 29 is suspended at any time by bending with that elliptic mirror 21, arranging the 
shutter 30 between the mirrors 28, and closing this shutter 30 with the drive motor 31 . As 
the light source 1, the excimer laser etc. which generate a KrF laser beam etc., for example 
can be used out of a mercury lamp. When using an excimer laser, a beam expander etc. 
are used instead of the optical system to the elliptic mirror 21 - the input lens 29. 
[0035JAnd the 2nd polyhedral prism 33 that has heights of the 1st polyhedral prism 32 and 
a four-sided pyramid type (pyramid type) which have a four-sided pyramid type (pyramid 
type) crevice sequentially from the input lens 29 is arranged. Illumination light ejected from 
this 2nd polyhedral prism 33 is divided into the circumference of an optic axis with 
equiangularity centering on an optic axis at four light flux. 

[0036]Light flux divided into these four pieces is entered in the fly eye lenses 34A, 34B, 
34C, and 34D of the 2nd group, respectively. Although only the fly eye lenses 34A and 34B 
are shown by drawing 5 , on both sides of an optic axis, the two fly eye lenses 34C and 34D 
are arranged in the direction vertical to space of drawing 5 . And light flux ejected from the 
fly eye lens 34A is mostly changed into a parallel pencil via a guide light study system 
which consists of the lens systems 35A and 36A, and enters into the fly eye lens 37A of the 
1st group. Similarly light flux which ejected the fly eye lens 34B of the 2nd group, It is 
mostly changed into a parallel pencil via a guide light study system which consists of the 
lens systems 35B and 36B, and enters into the fly eye lens 37B of the 1st group, ** which 
carries out figures omitted abbreviated, and light flux which ejected the fly eye lenses 34C 
and 34D of the 2nd group enter into the fly eye lenses 37C and 37D of the 1st group via a 
guide light study system, respectively. 

[0037]The fly eye lenses 37A-37D of the 1st group are arranged at intervals of 90 degrees 
around an optic axis. Although a secondary light source of surface state is formed in the 
reticle side focal plane of the fly eye lenses 37A-37D of the 1st group, respectively, the 
variable aperture diaphragms 38A-38D are arranged to a forming face of these secondary 
light sources, respectively. The polarizing plates 39A-39D are arranged, respectively to the 
reticle side of these variable aperture diaphragms 38A-38D. In drawing 5 , only the variable 
aperture diaphragms 13A and 13B and the polarizing plates 39A and 39B have appeared. 
[0038]lt is moderately condensed through the auxiliary condenser lens 40, the mirror 41, 
and the main condenser lens 42, respectively, and illumination light which penetrated and 
ejected the polarizing plates 39A-39D from these variable aperture diaphragms 38A-38D 
illuminates the reticle 12 with almost uniform illumination. A pattern of the reticle 12 is 
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transferred with the predetermined reducing magnification beta according to the projection 
optical system 13 by the wafer 14 on wafer stage WS. A polarization direction of these 
polarizing plates 39A-39D is parallel to a tangential direction of the circumference centering 
on the optic axis AX. For example, the chief ray 43A of light flux which penetrates the 
polarizing plate 39A and is ejected from the variable aperture diaphragm 38A enters aslant 
to the optic axis AX on the reticle 12, where linear polarization is carried out in the direction 
vertical to space. The polarizing plates 39A-39D shown in drawing 5 are substantially 
formed in a front side focal (light source side focus) position of a condenser-lens system of 
a constructional system of the auxiliary condenser lens 40 and the main condenser lens. 
This position is the pupil surface 10A of the projection optical system 13, and conjugate 
substantially, 

[0039]Also by this example, contrast of a projection image on the wafer 14 of a line and 
space pattern of the predetermined direction of [ on the reticle 12 ] is improvable. Since the 
fly eye lenses 34A-34D of the 2nd group other than the fly eye lenses 37A-37D of the 1st 
group are formed, the homogeneity of illumination on the reticle 12 is improved further. In 
drawing 5 , the polarizing plates 39A and 39B may be arranged in the positions 44A and 
44B between relay optical systems, respectively, and also may be arranged in other 
positions. When illumination light from the light source 20 Is already linear polarization, 1/2 
wavelength plate may be used instead of the polarizing plates 39A and 39B. 
[0040]Next, with reference to drawing 6 and drawing 7 , it explains per 3rd embodiment of 
this invention. This example changes the spatial filter 24 of the 1st embodiment shown in 
drawing 3 explained previously, and shows an example which formed the spatial filter 240 
which has the opening 240a of the shape of **** zona orbicularis shown in drawing 6 (a) in 
the injection side of the fly eye lens 23. By arrangement of this spatial filter 240, to the 
injection side of the fly eye lens 23. As shown in drawing 6 (a), the secondary light source 
45 of the shape of zona orbicularis which carried out eccentricity from the optic axis AX is 
formed, and light from the secondary light source 45 of the shape of this zona orbicularis 
reaches the pupil surface 10A (entrance pupil side) of the projection optical system 13 via 
the condenser lens 26 and the reticle 12, as shown in drawing 3 . If a situation of the zero- 
order diffracted light and the primary diffracted light by diffraction operation of a line and 
space pattern of the reticle 12 is considered here in order to explain simply, As shown in 
drawing 6 (b), the primary diffracted light 45B of the shape of zona orbicularis to which the 
strike slip of the zero-order diffracted light 45A of the shape of zona orbicularis [ **** / the 
zona-orbicularis light source 45 ] and the zero-order zona-orbicularis-like diffracted light 
45A was carried out is formed in the pupil surface 10A of this projection optical system 13. 
[0041 ]ln this case, in this example, as shown in drawing 7 (a), the polarizing plate 250 of 
the shape of zona orbicularis which polarizes the illumination light ejected from the 
secondary light source 45 of the shape of zona orbicularis of the equivalent light source part 
10 to the tangential direction of the circumference centering on the optic axis AX, 
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respectively is formed on the spatial filter 240. Thereby, the image of high contrast can be 
acquired to a minute pattern. As shown in drawing 7 (b), the polarizing plates 250A-250H 
are formed on each zone using the spatial filter 240 with the opening which divides a zona- 
orbicularls-like light source into each circular zone, and it may be made to become the 
illumination light of the linear polarization of the tangential direction of the circumference 
centering on the optic axis AX for every zone, 

[0042]As for this invention, it is needless to say that various composition can be taken in the 
range which is not limited to the above-mentioned embodiment and does not deviate from 
the summary of this invention. 
[0043] 

[Effect of the lnvention]ln this invention, the illumination light which inclines and enters to an 
object is polarizing in the direction vertical to an entrance plane. 
Therefore, when the pattern on the object is a line and space pattern which makes a 
longitudinal direction a direction vertical to the entrance plane of the illumination light, and 
the pattern of the object is projected by a projection optical system, there is an advantage 
which can improve the contrast of the image substantially. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]T he figure showing the equivalent light source which presents explanation of the 
principle of the illumination optical device by this invention with (a), and (b) are the outline 
block diagrams showing the projection aligner which uses the equivalent light source of 
drawing 1 (a). 

[Drawing 2] It is a figure with which explanation of the principle of this invention is presented. 

[Drawing 3] It is a block diagram showing the illumination-light study system of the projection 
aligner of the 1st embodiment of this invention. 

[Drawing 4]T he front view in which (a) shows the spatial filter 24 and the polarizing plates 
25A-25D of drawing 3 , and (b) are sectional views which meet AA line of drawing 4 (a). 
[Drawing 5] It is a block diagram showing the projection aligner of the 2nd embodiment of 
this invention. 

[Drawing 6] They are a figure in which (a) shows the equivalent light source and the spatial 
filter 240 of the 3rd embodiment of this invention, and a figure showing the situation of the 
diffracted light in the pupil of the projection optical system 13 by (b) having used the spatial 
filter 240. 

[Drawing 7] The figure in which (a) shows the polarization condition of the illumination light 
from the equivalent light source of the 3rd embodiment, and (b) are the figures showing the 
equivalent light source of the modification of the 3rd embodiment. 

[Drawing 8] The figure in which (a) shows the equivalent light source of two or more oblique 
illuminations, and (b) are the figures showing the situation of the diffracted light in the pupil 
of the projection optical system 13 at the time of using the equivalent light source of 
drawing 8 (a). 

[Drawing 9] It is a figure showing the case where two or more specific patterns are 
illuminated with oblique illumination. 
[Explanations of letters or numerals] 
10 Equivalent light source 
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1 1 A-1 1 D Small light source 

12 Reticle 

13 Projection optical system 

14 Wafer 

20 Light source 

22 Collimating lens 

23 Fly eye lens 

24 Spatial filter 
24a-24d Opening 
25A-25D Polarizing plate 
26 Condenser-lens system 



[Translation done.] 
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#*6n5<DT\ 3>h77htt (1/2) (1+0. 
6 8) =0. 8 4 

CO 0 2 53 c<7)J;-?tc, SMJtfrscirfckO, 3 
>h7^Hc**&«AH±i;« 0 mi (a) <D«fc 
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LT 4 5* T^gf StffifCXy iWfrft?* y • 7 

[00263 cnzwm&mmimmtt 

mumi (a) fcjjVfJ:?{c> ^B^iiseu i 0(0 

CO 0 2 7) *^<D«2©^7t¥^g(C«fen 
*02*}t»*mtfHl (a) OUfB^agil 0 
[002 83 

c&ttflD wt> ^sssaoj? i siaswfc-QtH 3&tfia 

4*#fi8LTiftiE?£o *ffltt&mim®!IRiPiK¥ 20 

w>y~f& wumzMth <mwtimn& 2 1 t* 

[0 0 2 93 75-<7^UyX2 3 0«ffl*(H*3fite3t« 
A X left UTi* Lfc 4 fflOWPjWB** tlft^M 74 30 

2 4*K*J«, $fts Ct7)S5g7-r/U^-2 4C0 
4fflcDfflP<0P?-*/HIJ <Xtt#»2 0fl|-efcJ:^) lc 
*ft*nffl^2 5A~2 5D*«Mrr*. <1U 03 
•ettO»fclR2 5 B&tf 2 5 C4>#aWlTV^o 04 

(a) ttH30ffiBB7-f^-2 4*l/^^;mi*»6li 
fciEHlB, 04 (b) 1*04 (a) (DA ASHOBir® 
HT*0, Cft604 (a) SI? (b) fcjft*-*$K, 
a9B7-fA'#-2 4iettiW*AX*iW>fcl,T, 9 0° 
IB»T4flW>IP!P2 4 a~2 4 dtfJg&StU 
PA^tl^tlfl««2 5 A~2 5 Dt?St>*lT^S. S 40 

fc *n&(ifttg2 5 a~2 5 Do*jwrift«:*n^n 
OWP2 4 a~2 4 d*»e>witi«n*jaw^ 

ifiJlcSiMftLTV^,, 

[0 0 3 03 H3»cR»K QWPOW-Z 4lcJ:Dft 
$6 A X £ W LT®/k L/c 4 2 ^Ot^A^fiR^nSo 

^ne> 4^2^^e>«m^nfc^^tt ; ?-n ; fn 

<BftK2 5 A~2 SDfcjIJlLfc&fc, ny-rV-y— U 50 
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yXJS2 6*«Tl/*-*;M 2fCA#ft5o M« n^f 

1/^x^2 6©ffHRl*jA (^fflftuft) ffigic 

tt* Sra7-T/P^-2 4 (fl)ft1R2 5 A~2 5 D) 
>+f-UVX^2 6fcBBl/CS3B7<frt/*-2 4(0IE^ 

iBi:7-yx«fcoPB«fc«*. coi^, mtf^lll 

7^;^-2 4 0BP2 4 bRtf 2 4 cfr&WWStlfc 
±ftl£2 7 B&tf 2 7 Ctt3^f^-l/>Xf 2 6% 

st^tvenuf-^H 2±icftwiAxic*tLT$Wc 
xirrso cn&±M6«2 7BStf 2 7c«*ti 

[0 0 3 13 COA^ftBgWJtt^SRJSrflOTTSfc, #SI 

wowiweKWLfc**^ t&Rifi/^n 2± 

1C04 (a) OHP2 4 afc24 c£*e4att»fcttL 

J: 0 fc 3 y h 7 * h <D i: 

3*»LT7x/M 4±tJS»f«ci:^-ptr 
5 0 CCT\ 03©gg-CHi> 75-<7-l'l/>'X2 3© 

Mmmtwm 0^7/n 2xwx;m 4) 

W«fc«»l««nTV^» fcfcs 03CD^figOffil(C, 75 
•Y7'<U'yX2 3 ££fS7i-;l/*-2 4 t^KfcgiJ©^ 
**<Wt«i*EBUv aiB7^;V*-2 4 04flOBlP 
2 4 a ~ 2 4 d <DHSWi£»fc 1 / 2 L 
Ts *l/2»ft«O0(Eft*IIBrr*J:5te:LTt)«J: 
V\ CtUcJ^TtK 04 (a) tC^tJ;^*, )t$ffiA 

tiZo d©ig^, SiJ(0^:t*ii7 l 6«cOM^I«)KJ;-OT 
fis l/2ttft««:aiB7-rA/*-2 4©1-/<TOWP 

[0 0 3 23 lM*tf JlCWi; UTlMfMB^ou— *f 

fcKJ:»>» l?ffi) , 6}i^^2>03(D^7^;l/^-2 4£0 

;l/^-2 4©4ffl©^P2 4 a~2 4 d©-8Utfc«^ 
StcSi^iScBlls^rAO l /2«ft«*Rtf *;«ttT»J: 
V\ COi^ ( -»OlBPKl/2«[fi«Ei£»^5^ 

1 / 2 &ftg*<Kffl UT«)1«Flftl*W8E t tt, 

[0 0 3 33 $fc, LTP3«)tt0!RlB}t«:»4r 
S^S^ffl^T, 9ffi)HlSfcft*H3<i!)ffillll7-r;U#- 

2 4 £Kll!»-$i|4fctt % ffiBB7 w 2 4 O^MIP 

[003 43 ^fc, *fEW(om 2 HMUfcotE 5 ^# 
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©05KH3V^T\ 3t«2'0^&©jai»3tl4fllR«2 I> 
*©*gP3&2 1 fcUft)ftff55-2 
0*W»*-*-3"iT»Bll3*i:i:fcJ:t)» -i^Xy h 
1 t LTtt, 7j<®^ > 7V&WC .MAtfK r F U*-«f- 

tt$*B£*£x**-7 u-*f-jtt»9*ffiffl-r 5 c £ 

flSRfg 2 1 — <" >7V h U^X 2 9 $ ^©^^©ttfr 10 

[0 0 3 5] -f-LTs <Y*7V HUVX2 9Ar»6Mtc, 
4^SHSi KS8) ©Hgp^TS^ 1 ©£B5ft 

7*yXA3 2»tf4*ieB ©fi*** 
T &S&2©£ffi#7l)XA3 3£Egt 5 0 C©Sf!2© 

UT)t«i©^Hfc^jre 4ffi©ttmfc#SiJSftT 

[0 0 3 63 tft^flteafjsftfcftjM&^iveftJii 

2gf©77^7'l'WyX3 4 A, 3 4B. 3 4C&tf3 20 
4 D(CAIif?^§o 05-ett77-T7'<U'yX3 4 AR 
tf3 4 B©#ft^£tiTV>*ft% H5©tfi5ti:£ft&# 
|S|K3t(ft*»A,-e2ffl©77^7-rU'^X3 4 CStf3 
4 DfttEMStlTV*. l/T\ 77^7^ 1^X3 4 
Aft^WUStlfcjfcJKtt, 1/^X^3 5 A&lf 3 6 A J: 

IB2»©79^7^PyX3 4B*»aiLfcftJlr«\ U 
yXS3 5 BSt>*3 6 B <fc KfcWMtfN/T 

»« 5 Ffr3ttJl«c*lftffnT»i»©75'f7'ruyX3 30 

yX3 4 CSi; 3 4 D*WlllLfc)tt3lll4, ^tl^n^V 
KJfe*»*ftLTHI 1 S¥©77<<7^ PVX3 7 C&tf 
3 7 D£A*t1-£o 

[0 0 3 7] ^]8f©7v-l'7'l'U'7X3 7A-3 7D 
«ftitt©l3lDk:9 0* JSffiTESSftTVSo sgl#© 
774 , 7-fH'X37A~37D©l/f-* MNftjAflK 

tt*n j enffl«©23}?Mfi»3Wp**n*« , » *n&2* 

^g©^jBte*n^nqJSBBP»!? 38A-38D* 
SHH-T^o MfC, Cft&ig«Hia8»>3 8A~3 8D© 40 
U**/W^*n**l»t*3 9 A~3 9 D^BBlf 
5» &*J. EI5T'(4pI^MPiK0 1 3 A, 13 BRt/fil 
7fet3 9A, 3 9B©#ftWlTV^ 0 
[0 0 3 8] *ft&^£|JI!IPl8D3 8A~3 8Dft^ffi 
3tK3 9A-3 9D*a»LTlttaLftJ!BW)tttt, *n 

f-'nfflsb^yryy— u>X4 o, 55-4 i&tf±a 

>7 f y^-U>X4 2«r«rjgatC^?nTUf-^;l/ 

1 2£<*(£*3-&BagT«t5e *©Uf-*>H 2© 
/S*->JWSBft3^1 3t«fct)7xMXx-v f WS± 

©*xai 4tcBwe©«/jvtf*/j'PiE3?sn*. 50 
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{B)fc«3 9A~3 9D©ffiI##GHi, 3tHAX*^k 

3 8 A*^«jt«3 9 A*j«atT»ai«n«)iai©± 

U**;H 2±fc^AXtettUT*M>K:Alfr*. * 
*3, El 5 tC/Ts Ufc»WR 3 9 A ~ 3 9 D tt, 
lii^3>f f yu--bi/X4 0 fciny^^l^yXt 
(DStftmn yf>t- U-vX3R©W«M»jS OfclMft 

3©®® 1 0A*#fiT*5. 
[0 0 3 9] *Wc£oT«>> W^7/H 2±©j5ff>£© 
7?lRl©7-<>'- 7VK • 4 

£s mifflr=©77^7-ri^yX3 7A~3 7D©«!lfc^ 
2p©77^7-l , pyX3 4 A~3 4 DftW^nTV^ 
£©T% W7;H 2±©JB*©J^-tt««!Elci»»«n 
TV^o H5te*l^T» <l^«3'9ARt;3 9B 

tt^n^nflfHAtf u w^3S©ia©ffiB4 4 A&t>*4 

4 BlcgBSLTfeJ: <> Mfcfl!l©ttB£BBBLT*><i: 

v\, tut* ym2o&$<DmmfflmcWBiWt'?3o& 

<fc "5 fclf-frfc: it, m%fa 3 9 A fttf 3 9 B ©ft t> 0 tc 1 
/2MMR*ttflil/rfc«kV\> 
[0 0 4 0] *HW©*3*«iWfc'0*H6&tf 

3fC7form 1 nas»ij©2ia7-f ;v^-2 4*s*t* a 
6(a) m?mzmw<Dm 2 4 0 a «frr «sn 

7-C >V$- 2 4 0^7v-r7^UVX2 3 OtttHWJlC^ 
ttfctWfc^T *>©T'&£ 0 C©£H7^/l/£-2 4 0© 
SBS^CJ:0^ 79-< 7-TU>X 2 3 ©WWWctts 06 

(a) )t«|AX*>6'fli&LR:*HlFtt©2* 
}t«4 5jWgj««tU C©life«©2^3tai4 5 ft* 6© 
)tft\ 03tc^-rto<> ayf ? >'-9--U>'X2 6, VI- 
WI2^ LT^^m 1 3 ©H® I 0 A (AWH 

7^1 2©5^y • 7>K' 7>^-7^^-y©@^ 
fflfc«i:S0^lH]«f)tt iWffiHtfllTfcWTt* 
*t v C©S»Jt*«l 3©S® 1 0Afc«, B6 

(b) fcwt»<, »^3tiS4 5 fc«WMMftt©0* 
El»f>t4 5Attt^©0^!H|^4 5A«r«im5^ 
fcttWK© 1 *0»f« 4 5 B 

[0 0 4 1] C©#&, #0lttH*@7 (a) (t^tctd 
fc, taHHSCffiSl 0©WMK©2#ft«4 5ft^«W« 

nsBSw^^n^ti^WAx^tf^frsB^i©**! 

^fcfll*S-e*liW«©«)tt«2 5 0ft«3EIB7-f /l/^- 
-2 4 0±fc^W6nTV^ 6 cntc«J:0> t»«B^?~ 
MC«LTiin^h77Nh©{|i^#SCi;ft^f 5 0 * 
43, 07 (b) fc^TJ:3teH»ttft»*R»K©ay 
->te»^SPP%ltoSM7-<;P^-2 4 0^fflv^ 
Tx Sy"-y±{C®7t«2 5 0 A~2 5 0HWtt> 
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[0 0 4 2] *»Wt4±»3WIHWK|BJ6?nr* 
C004 33 

[0ffi©lSi#&IBi?J] 

ran (a) tt*fgwfc<fcs^w^^iioJiaosi 

[02] *«WO«IIO«l«fcttf *H1»** 0 

[03] i imtommimmowmw* 

[04] (a) ttH3<D2M7*/U*-2 4&tffKt« 
2 5 A~2 5D^-TiEffl0, (b) «04 (a) ©A 

[0 5 ] jgrnojii 2 $mm<Dmm%mm*7rs?Mi$. 
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: [06] (a) &mmm£mQWHm&v& 

«7*;l>*-2 4 0t«tR (b) ttS»|«7<f/Hr- 
2 4 0*ffl^fc*fcJ:*ttiafc¥Jfc 1 30«T©H»fJt 

[07] (a) ttiRa^Moww^eoiim^o 

«}feR»***BU (b) tt$3$^©i^0y«>9«S 

[08] (a) &m&ffi^M©§i«f^m 

(b) ttH8 (a) 0<MI3ttai*ffl^ft»'&OfSaejfeat 
[09] *»«»fPTOT»^©/^-y*jiiwuftii^ 
[ft^©3»f§] 
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